INTRODUCTION
As in other body-centered-cubic (bcc) metals, the mechanical properties of tantalum display marked temperature and strain-rate dependences (1-3). Based on observations of tungsren alloys, we recently suggested (4) that the presence of tungsten somehow suppresses the "Peieris" mechanism that dominates the initial flow stress, leaving only an "obstacle" mechanism similar to that found in facecentered-cubic (fcc) metals (5-7). From this, we infer that unalloyed tantalum plastic flow occurs via a series combination of thermally activated "Peierk" and "obstacle" barriers that are comparable in magnitude and hence dominate the flow in different regimes of deformation, strain rate, and temperature. Because the mechanicaI threshold associated with the obstacle mechanism increases with deformation, work hardening appears in a natural way. In this paper, we explore the viability of such a model by comparing calculated results to flow curves for unalloyed tantalum over a wide strain-rate range and a modest temperature range.
MODEL DESCRIPTIOS
To propagate plastic flow, a dislocation must overcome both obstacles and Peierls barriers, as illustrated in Fig. 1 where the secondary energy G 3 and mess sipz cue selected to agree with the data in Fig. 2 .* We associate the first term with the Peierls energy reported in previous work, and the threshold stress associated with it, does not change wirh deformation. The function f in this first term is close to the parabolic forms used elsewhere (2), but it deviates 9-~n this expression, the factor NO = ,u(i)/p(TBs) normalizes the stresses to the tanpenturedependent shear modulus.
from this at large stresses to accommochre observed behavior at low temperatures and high smin mtes.
The "obstacle" term in Eq. (2) is treated in a manner identical with that for copper (6,7). T'ne energ of activation over the barrier is given by
The mechanical threshold ci, incre3ses wiin deformation as prescribed by the empiricai expression (67) ( 6 1
Equations (2) and (4) Tables 1  and 2 , and the curve for the functionf in Eq. (3) is shown in Fig. 2 . We take P = 1 in Eq. (2). we are aware, and we have selected it because it has a form consistent with data at 77 K (Fig. 3) .
Flow curves recalculated with this modification are compared with the experimental data in Figs. 4 and 5. At morn temperature (Fig. 5) , the improvement in the agreement at intermediate strains is striking. Similarly, the description of the SHPB results (Fig. 4 ) is much improved, with modes: hardening controlled by Eq. and 6 with experimennl observations for various srnin mes'j~ 298 K!kalculations assume deformation take placa isothermally. Some hardening o€ the flow mess at 77 K is ais0 apparent, but here the agreement is not comp1e:ely satisfactory. As expected, the introduction of Eq.
1.2-
(7) has no effect on the flow curve at 400 K (Fig. 4) because the obstacle term dominates ail but a very limited initial flow regime.
DrscussroN
Our model describes the initial flow stress of tantalum well over a wide range of strain rate and a modest range of temperature. Although the curve for Gp given in Fig. 2 Deformation of unalloyed unuIum is conuoiled by a series combination of (1) a "Peierls" mechanism with a small activation energy (O.il.0 eV) and a large threshold stress (-1.0 GPa) and (2j an "obstacle" mechanism with a large activation energy (-10 eV) and a small threshold stress that increases with deformation. The Peierls term consists of a larger and dominant component (0.85 eV) associated with a constant threshold stress (1.3 GPa) and a smaller component (0.35 eV) associated wirh an initially small threshold stress. To reproduce the flow behavior of unalloyed untalum at intermediate strains, this secondary threshoid stress must increase with deformation.
-At very low strain rates or elevated temperatures, hardening of unalloyed tantalum can be described by the same relationships as obstacle hardening in fcc metds.
